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A simple, rapid and accurate method for the determination of monoethanolamine (MEA) in PHWR steam-water circuits has
been developed. MEA is added in the feed water to provide protection against corrosion while hydrazine is added to scavenge
dissolved oxygen. The quantitative determination of MEA in presence of hydrazine was accomplished using derivatization ion
chromatographywithconductometricdetectioninnonsuppressedmode.AMetrosepcation1-2analyticalcolumnandaMetrosep
cartridge were used for cation separation. A mixture of 4mM tartaric acid, 20% acetone and 0.05mM HNO3 w a su s e da se l u e n t .
Acetone in the mobile phase leads to the formation of diﬀerent derivatives with MEA and hydrazine. The interferences due Na+
and NH4
+ were eliminated by adopting a simple pretreatment procedure employing OnGuard-H cartridge. The limit of detection
limit of MEA was 0.1µgmL −1 and the relative standard deviation was 2% for the overall method. The recovery of MEA added was
in the range 95%–102%. The method was applied to the determination of MEA in steam generator water samples.
1.Introduction
In Indian pressurized heavy water reactors (IPHWRs), the
nuclear heat is transported by the heavy water (D2O) coolant
in the primary heat transport system to the secondary
light water (H2O) for steam production. In the steam-water
circuit, two-phase erosion corrosion is a serious operational
issue. To provide protection against the corrosion, volatile
amines are added in the feed water of steam generators (SG)
to raise the pH of the water. These amines volatilize along
with the steam and are partly carried away to the turbine and
condenser part, thereby providing protection against corro-
sion to the entire steam-water circuit. Along with amine,
hydrazine is injected to scavenge dissolved oxygen, and
therebyproducereducingconditions. Thetreatmentiscalled
as an all volatile treatment (AVT), and the amines are used as
AVT reagents [1–3]. Ammonia (earlier used) was replaced by
cyclohexylamine and morpholine as AVT reagents because
of their less volatility [3, 4]. This change allowed the pH of
the steam condensate from the turbine cycle to be increased
to a level that signiﬁcantly reduced ﬂow-assisted corrosion.
MEA, because of its less volatility and higher base strength,
has eventually replaced cyclohexylamine and morpholine
[5–7].
QuantiﬁcationofMEAisanessentialstepindetermining
its appropriate amount to use for maximal protection. The
accurate and reliable determination of MEA in the presence
of hydrazine is a challenging analytical problem because of
their similar chemical properties. The spectrophotometric
method developed in our laboratory earlier could not be
applied for the determination of MEA because of severe
interference from hydrazine [4]. There are a few reports on
the determination of MEA in environmental, oil and gas
industry water samples [8–14]. However, there is not a single
report in the literature on the determination of MEA in
the presence of hydrazine in the steam generator water. The
Metrohm application note C107 for the determination of
MEA and hydrazine is not applicable for steam-generator2 International Journal of Analytical Chemistry
water which contains several cationic impurities along with
these two additives [11].
Ion chromatography (IC) ﬁnds wide applications in
power plant industry for the determination of trace con-
centrations of ionic impurities in feed and process streams
[15–18]. IC is an excellent technique for the separation of
anions and cations of closely related structures. The aim of
the present study was to use this technique for developing
a speciﬁc, interference-free, and sensitive analytical method
for the detection of MEA in PHWR steam-water circuits.
The method is based on a chemical conversion of the two
compounds—MEA and hydrazine by reaction with acetone
which is contained in the eluent. A one-step sample pretreat-
ment procedure was adopted to eliminate the interference
of alkali metal ions. Using this procedure, it was possible to
directly analyze the MEA by ion chromatography in non-
suppressed mode using a mixture of tartaric acid, acetone
and HNO3 acid as eluent and conductometric method of
detection. The method was applied to several steam gener-
ator water samples.
2. Experimental
2.1. Instrumentation. Ion chromatography was performed
with Metrohm (Herisau, Switzerland) instrumentation con-
sisting ofa709 ICPump, 733 ICSeparation Center anda732
IC conductivity detector. Cation separation was carried out
in nonsuppressor mode on a Metrosep cation 1-2 analytical
column (125 × 4mm) connected in series with a Metrosep
cartridge. The Metrosep cartridge is used as a precolumn to
protect the analytical column.
2.2. Reagents. Reagents used were of analytical grade and
obtained from Sarabhai M. Chemicals, Baroda, India.
Deionised water (18MΩ) obtained from a Barnstead water
puriﬁcation system (Barnstead, Boston, Mass, USA) was
employed throughout. OnGuard-H cartridge was obtained
from Dionex (Sunnyvale, Calif, USA). Stock standard solu-
tions (1gL−1) were prepared for MEA and hydrazine. The
working standard mixtures for calibration were prepared
weekly from the stock standard.
2.3. Ion Chromatographic Conditions. Diﬀerent eluents were
tested for the separation of MEA and hydrazine because
both coeluted from the analytical column (Table 1). In each
case, three diﬀerent compositions (0.5, 1, 4mM) and three
diﬀerent ﬂow rates (0.8, 1.0, 1.2mLmin−1)w e r ee m p l o y e d .
Dipicolinic acid (pyridine-2,6 dicarboxylic acid) was added
to remove the interference of transition metal by chelation
in the sample solutions. The studies showed that it was
possible to separate the two coeluting peaks with a mixture
of 4mM tartaric acid, 20% acetone and 0.05mM HNO3.
The injection volume was 20µL. An eluent ﬂow rate of
0.8mLmin−1 was applied throughout. The acetone and
HNO3 acid eluent were degassed for 5–10 minutes to remove
air bubbles.
2.4. Sample Pretreatment. Steam generator water sample was
passed through OnGuard-H cartridge to remove interfering
Table 1: Retention time (Rt) studies of MEA and hydrazine in
diﬀerent mobile phase.
Composition of mobile phase MEA Rt min Hydrazine Rt min
4mMtartaricacid+1mM
dipicolinic acid 2.37 2.38
1mM oxalic acid 4.64 4.66
4mM tartaric acid + 20%
acetone + 0.05mM HNO3
2.81 No peak
−300
−200
0
100
123456789 1 0
R
e
s
p
o
n
s
e
(
m
V
)
Time (min)
MEA
−100
Figure 1: Chromatogram of a synthetic mixture of MEA
(2µgmL −1) and hydrazine (20µgmL −1) showing only the MEA
peak resolved from the large injection peak.
cations (alkali and transition metal ions). The recommended
guidelines for the use of OnGuard cartridges supplied
by Dionex Corp. (Sunnyvale, Calif, USA) were followed.
OnGuard-H cartridge was washed with 10mL deionised
water. About 5mL of the sample solution was loaded on
the cartridge and allowed to ﬂow at the rate of 2mLmin−1.
T h eﬁ r s t3 m Lo fe l u t ew a sr e j e c t e da n dt h en e x t2 m L
was collected. Before injection into the ion chromatograph,
sample solutions were diluted (1:1) with mobile phase in
order to maintain the same pH. This step also ensures that
amines are in the protonated form.
3. Results and Discussion
3.1. Separation of MEA and Hydrazine Using Derivatization
Ion Chromatography. Due to their similar chemical proper-
ties, both MEA and hydrazine coeluted from the analytical
column (Table 1). Hence, acetone was added to the eluent
in order to derivatize the two components viz., MEA and
hydrazine as shown in Scheme 1. Under these conditions of
elution, no peak was obtained for hydrazine (20µgmL −1),
and the peak due to MEA (2µgmL −1) was obtained at
a retention time of 2.81min (Figure 1). Thus, using this
mobile phase, determination of MEA was possible without
any interference from hydrazine.
The diﬀerent selectivities of MEA and hydrazine for the
stationary phase and hence their retention times on the
column using this mobile phase could be explained by the
rapid reactions of hydrazine and MEA with acetone. It
is well known that simple mixing of amine and carbonylInternational Journal of Analytical Chemistry 3
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compound at room temperature produces an imine, and
in fact, the reaction is so vigorous in the case of hydrazine
that not only the reaction mixture needs to be cooled in
an ice bath, but also the rate of addition of hydrazine is
controlled [19]. Hence, under the elution conditions (i.e.,
very high concentration of acetone 20%), it is expected that
the reaction of these amines goes to completion giving rise to
acetone azine (1)[ 20] and imine (2)[ 19], respectively.
Thus, in the case of hydrazine, the acetone azine (1)
formedeluted in theinjection peak whilein thecaseof MEA,
imine (2), and its ring tautomer (3)w e r ef o r m e d[ 19] and it
eluted at a retention time of 2.81min.
The aqueous elution media optimized in our study
contained 100 fold dilute inorganic acid (0.05mM HNO3)
as compared to that used in the Metrohm application note
C107 [11]. This is of great advantage in terms of enhanced
sensitivityoftheconductivitydetectorandmilderconditions
of operation for the instrumentation as well as the analyst.
3.2. Analytical Method for Determination of MEA. A linear
calibration plot with a regression coeﬃcient (r2) of 0.9998
was obtained for standard MEA solution in the range of
0.3–50µgmL −1. The relative standard deviation evaluated by
replicate analysis (n = 6) was 2%. The limit of detection
was 0.1µgmL −1 (S/N = 3) and limit of quantiﬁcation was
0.3µgmL −1 (S/N = 10).
3.3. Determination of MEA in Steam Generator Water Sam-
ples. Typical water chemistry speciﬁcations in the secondary
system of PHWR are given in Table 2.T h u s ,a l o n gwi t hM E A
and hydrazine, Na+,C a +2,M g +2,a n dN H 4
+ are present as
cationic impurities. The studies showed that Na+ and NH4
+
ionsinthesamplematrixcoelutewithMEApeak.Inorderto
overcome these diﬃculties, a simple and rapid pretreatment
procedure was carried out using OnGuard-H cartridge. It
contains styrene-based, strong acid resin in the H+ form.
The cation exchange capacity is 2–2.5meq/cartridge. It was
used for the removal of alkali, alkaline earths, transition
metals, and NH4
+ from the sample matrix. The selective
removal of the interfering cations leaving the MEA in
solution was tested by the recovery experiments carried out
Table 2: Typical water chemistry speciﬁcations in the secondary
cycle of steam-generating systems: MEA, hydrazine and ionic
impurities.
Parameter Permissible range
MEA, µgm L −1 3–7
Hydrazine, µgL −1 50–200
pH 9-10
NH4
+, µgm L −1 <1
Na+, µgL −1 <5
SO4
−2, µgm L −1 <1
Total Hardness, µgm L −1 <2
Silica, µgL −1 <20
Table 3: Recovery of MEA in sample.
Added (µgm L −1) Found (µgm L −1)% R e c o v e r y
10 . 9 5 9 5
5 5.1 102
10 9.8 98
at diﬀerent concentration levels of MEA. The MEA solutions
were spiked with diﬀerent cationic impurities (10µgmL −1)
before pretreatment. The studies showed that no peak could
be observed for the diﬀerent cations added. Further, the
recoveriesofMEAwereintherangeof95%–102%.Thus,the
pretreatment procedure selectively removed the interfering
cations (Table 3).
As samples were diluted 1:1 with mobile phase, a chro-
matogram of this blank solution was recorded in order to
ﬁnd out the contribution from impurities, if any, present in
mobile phase. There was no peak observed for MEA or other
cations in the blank solution. A typical chromatogram of
steam generator (SG) water sample is shown in Figure 2(a).
It is seen that the MEA peak (Rt = 2.8min) is well separated
from the injection peak and another peak at retention time
Rt = 3.76min, which was due to some impurity in SG
water. MEA peak in the sample was also conﬁrmed by the
enhancement of the peak on spiking with the MEA standard4 International Journal of Analytical Chemistry
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Figure 2: Chromatogram of steam generator water samples showing (a) MEA peak and an impuritypeak (b) enhancement of the MEA peak
on spiking the sample solution with MEA (5µgmL −1).
solution (5µgmL −1)( Figure 2(b)). Ion chromatographic
analysis of MEA in diﬀerent SG water samples received from
power plant was carried out. The MEA content was found to
be in the concentration range of 4–8µgmL −1.
4. Conclusion
The derivatization ion chromatographic method developed
forMEAdeterminationinthepresenceofhydrazinehasbeen
shown to be sensitive and speciﬁc. The required sensitivity
and precision were achieved by the use of acetone in the
mobile phase, a single-step pretreatment, low conductivity,
and stable baseline. The technique was applied to the
determination of MEA in steam generator water from the
power plant. For solutions having high salt concentration, a
single OnGuard-H may not be enough, and also the recovery
of MEA needs to be carried out before the application of this
method.
Acknowledgments
The authors are grateful to D. T. Mukherjee, Director, Chem-
istry Group, Bhabha Atomic Reasearch Centre, Mumbai,
for his encouragement and support in carrying out this
work. The authors wish to express their sincere thanks to
Dr. A. V. R. Reddy, Head, Analytical Chemistry Division,
Bhabha Atomic Research Centre, Mumbai, for his valuable
suggestions.
References
[ 1 ]T .O .P a s s e l l ,C .S .W e l t y ,a n dS .A .H o b a r t ,“ U s eo fo r g a n i c
amines in water chemistry control for pressurized water
reactor secondary systems,” Progress in Nuclear Energy, vol. 20,
no. 3, pp. 235–254, 1987.
[2] H.Namduri,Formationandquantiﬁcationofcorrosiondeposits
in the power industry, Ph.D. thesis, University of North Texas,
2007.
[3] A. G. Kumbhar, S. V. Narasimhan, and P. K. Mathur, “Spec-
trophotometric method for determination parts per million
levels of cyclohexylamine in water,” Talanta, vol. 47, no. 2, pp.
421–437, 1998.
[4] R. Gilbert, R. Rioux, and S. E. Saheb, “Ion chromatographic
determination of morpholine and cyclohexylamine in aque-
ous solutions containing ammonia and hydrazine,” Analytical
Chemistry, vol. 56, no. 1, pp. 106–109, 1984.
[5] M. J. Fountain and I. Smiesco, “Computer modeling the
potential beneﬁts of amines in NPP Bohunice secondary cir-
cuit,” in Proceedings of JAIF International Conference on Water
ChemistryinNuclearPowerPlants-OperationalExperienceand
New Technologies for Management, pp. 315–320, Tokyo, Japan,
1988.
[6] N. Higuchi, M. Ito, M. Nakamura, Y. Shiroyama, and T.
Matsui, “Over view of use of ethanolamine in Mihama Unit
2,” in Proceedings of JAIF International Conference on Water
Chemistry in Nuclear Plants, pp. 599–602, Kashiwazaki, Japan,
1998.
[7] T. O. Passell, “Use of on-line ion chromatography in control-
lingwaterqualityinnuclearpowerplants,”JournalofChroma-
tography A, vol. 671, no. 1–2, pp. 331–337, 1994.
[8] Application Note 39: Determination of Ethanolamines in Reﬁn-
ery Water, Dionex, Sunnyvale, Calif, USA, 1990.
[9] Application Update 138: Determination of Ethanolamines
in Industrial Waters by Cation-Exchange Chromatography,
Dionex, Sunnyvale, Calif, USA, 1998.
[10] ICApplicationNoteNo.C-78:EthanolaminesBesidesAlkaliand
Alkaline Earth Metal Cations, Metrohm, Herisau, Switzerland,
2004.
[11] Metrohm IC Application Note No. C-107: Hydoxylamine,
Ethanolamine, Triethanolamine and Hydrazine on the Metrosep
C3-250CationColumn,Metrohm,Herisau,Switzerland,2008.
[12] R. Kadnar, “Determination of amines used in the oil and gas
industry (upstream section) by ion chromatography,” Journal
of Chromatography A, vol. 850, no. 1–2, pp. 289–295, 1999.
[13] O. Mrklas, A. Chu, and S. Lunn, “Determination of etha-
nolamine, ethylene glycol and triethylene glycol by ion chro-
matography for laboratory and ﬁeld biodegradation studies,”
Journal of Environmental Monitoring, vol. 5, no. 2, pp. 336–
340, 2003.
[14] R. Daigle, M. C. Mehra, and V. Mallet, “Single column ion
chromatography of ammonium ion, alkali metals and alkyl
amines,”Chromatographia,vol.32,no.3–4,pp.143–147,1991.
[15] D. Bostic, G. Burns, and S. Harvey, “Qualitative corrosion
monitoring by on-line ion chromatography,” Journal of Chro-
matography, vol. 602, no. 1–2, pp. 163–171, 1992.International Journal of Analytical Chemistry 5
[16] B. M. De Borba, M. Laikhtman, and J. S. Rohrer, “Deter-
mination of sodium at low ng/l concentrations in simulated
power plant waters by ion chromatography,” Journal of
Chromatography A, vol. 995, no. 1–2, pp. 143–152, 2003.
[17] M. D. H. Amey and D. A. Bridle, “Application and devel-
opment of ion chromatography for the analysis of transition
meta cations in the primary coolants of light water reactors,”
Journal of Chromatography A, vol. 640, no. 1–2, pp. 323–333,
1993.
[18] J. C. Green and R. M. Donaldson, “The role played by ion
chromatography in the assessment of amines for two-phase
erosion corrosion control in nuclear electric’s steam-water
circuits,” Journal of Chromatography A, vol. 640, no. 1–2, pp.
303–308, 1993.
[19] S. Saba, J. A. Ciaccio, J. Espinal, and C. E. Aman, “Synthesis
and NMR spectral analysis of amine heterocycles: the eﬀect
of asymmetry on the H and C NMR spectra of N,O-acetals,”
Journal of Chemical Education, vol. 84, no. 6, pp. 1011–1013,
2007.
[20] J. R. Holtzclaw, S. L. Rose, J. R. Wyatt, D. P. Rounbehler,
and D. H. Fine, “Simultaneous determination of hydrazine,
methylhydrazine, and 1,1-dimethylhydrazine in air by deriva-
tization/gas chromatography,” Analytical Chemistry, vol. 56,
no. 14, pp. 2952–2956, 1984.